Objective: To evaluate the impact of nutrition education promoting lower dietary fat on the overall diet quality in children using a multidimensional index that measures nutrient and food intakes in relation to US dietary recommendations. Design: Prospective cohort study with two intervention and two control groups. Children with elevated low density lipoprotein (LDL) cholesterol were randomized to one of two intervention groups or an at-risk control group. The intervention children received either the parent±child autotutorial (PCAT) programme, a 10-week homebased self-instruction nutrition education programme, or nutrition counselling from a registered dietitian. Children with non-elevated plasma cholesterol formed the not-atrisk control group. Dietary and blood data were collected at baseline and at 3 months. Setting: Paediatric practices in suburbs north of Philadelphia, PA. Subjects: Two hundred and twenty-seven 4±10-year-old children with elevated LDL cholesterol between the 80th and 98th percentiles, and 76 age-and gender-matched children with non-elevated plasma cholesterol, were studied. Results: Children who received PCAT or counselling signi®cantly improved their overall diet quality (-0.6 and -0.4 change in diet quality index (DQI) scores) compared with at-risk control children. Children who received either form of nutrition education were more likely to meet the recommendations for three components of the DQI (total fat, saturated fat, sodium) (OR .1.7), but did not improve their intakes of three components of the DQI (vegetables and fruits, complex carbohydrates, calcium) at 3 months. Conclusions: Nutrition education promoting lower dietary fat improved children's overall diet quality. However, several dietary behaviours important for long-term health remained unchanged.
Nutrition research to reduce the risk of chronic disease has primarily focused on relationships between nutrients and levels of risk factors (e.g. dietary fat and plasma cholesterol). In response, many nutrition education interventions have targeted speci®c nutrients (e.g. dietary fat) but failed to emphasize other dietary behaviours (e.g. increasing vegetables and fruits) necessary to improve overall diet quality. As a result, certain aspects of participants' diets may improve from this approach, while other non-targeted aspects of their diets may not improve or may worsen. This is a concern, as overall diet quality, not individual nutrients or foods, is paramount for long-term health 1±3 . Multidimensional indexes have been developed to evaluate overall diet quality 4 . These multidimensional indexes have been more strongly related to mortality and risk of disease than measures of individual nutrients or foods 4 . One index, the DQI, was developed from eight diet and health recommendations issued by the National Academy of Sciences in 1989 for all persons aged 2 and older 5 . This index was used to evaluate change in overall diet quality of adults across a series of cross-sectional surveys 6 . A similar index was used to evaluate overall diet quality in a nationally representative sample of children 7 . We hypothesized that the DQI would also be useful in evaluating change in overall diet quality resulting from nutrition education intervention. Such research is especially timely in children, as the prevalence of overweight children has doubled 8 , and current nutrition education interventions in children 9±11 to reduce the prevalence of obesity and associated cardiovascular disease risk factors have focused on single nutrients, speci®cally dietary fat, but have not emphasized other dietary behaviours.
In the Children's Health Project, 4±10-year-old children received nutrition education promoting lower dietary fat q US Government 2000 ² This paper was prepared in a personal capacity and does not necessarily represent the position of the NCI, nor does it construe endorsement of the publication by the NCI. *Corresponding author: Email ld120i@nih.gov to reduce their elevated LDL cholesterol levels 12 . This study provided an opportunity to evaluate the effect of this approach on change in the overall diet quality, as measured by change in DQI scores, of young children. A second objective was to determine how our nutrition education programme affected the likelihood of children meeting each dietary recommendation included in the DQI. We also compared children's change in the DQI with change in energy and other nutrients not included in the DQI. A ®nal objective was to determine whether children's change in DQI corresponded to change in their plasma lipids or change in their body size.
Methods
The Children's Health Project The Children's Health Project is a prospective cohort study, comprised of 303 children aged 4±10 years who were recruited from paediatric practices in suburbs north of Philadelphia, beginning in 1991. Children with elevated LDL cholesterol (between the 80th and 98th percentiles) were randomized into one of two nutrition education groups or into an at-risk control group. A fourth group of age-matched children with non-elevated total cholesterol served as a second control group. This not-at-risk control group was included to evaluate whether any factors external to the study (e.g. information about diet and heart disease in the media) would differentially affect the diets and serum lipids of children with and without elevated LDL cholesterol who did not receive nutrition education.
Children in the PCAT programme received a homebased self-instruction programme comprised of 10`talking book' lessons about healthy eating patterns for children with an accompanying audiotape, picture booklet, paper and pencil, activities workbook and parent manual. As previously described 13 , commonly consumed foods were designated as`heart smart' or`not heart smart' based on their content of total and saturated fat using criteria developed by the Minnesota Heart Health Program. Each lesson and activity encouraged children to eat more`heart smart' foods. For example, children were encouraged to drink skim milk instead of whole milk. Children were encouraged to eat vegetables but not vegetables that were fried. Children in the counselling programme received 1 hour of face-to-face nutrition counselling from a registered dietitian who provided materials that complied with the National Cholesterol Education Program (NCEP) Expert Panel on Blood Cholesterol Levels in Children and Adolescents 14 . The dietary goals of both intervention programmes were to meet the NCEP step 1 dietary guidelines (< 30% calories from fat, ,10% calories from saturated fat, ,300 mg cholesterol day -1 ). Neither control group received nutrition education; both control groups were instructed to maintain typical eating habits.
Before and after the 3-month intervention, three 24-hour dietary recalls were conducted with each child and primary caretaker by telephone interview using the University of Minnesota's computer-assisted Nutrition Data System (NDS) 15 . Two fasting plasma samples for total cholesterol, triglycerides and high density lipoprotein (HDL) cholesterol assessment were also collected from 198 hypercholesterolaemic children at baseline and at 3 months. The children's LDL cholesterol concentrations were then calculated according to the Friedewald equation 16 . Blood was not drawn from the normocholesterolaemic children after an initial plasma cholesterol screening test. Children's weights and heights were measured twice by trained anthropometrists at both time periods. Further detail about the Children's Health Project is provided elsewhere 12, 13 .
Calculation of DQI scores
The DQI is comprised of six nutrients and two food groups associated with eight diet and health recommendations (see Table 2 ). Using this index, a DQI score was determined for each child at baseline and at 3 months. Mean nutrient intakes of total fat, saturated fat, cholesterol, protein, sodium and calcium were calculated by the NDS software from the children's 24-hour dietary recalls at both time periods. Unfortunately, the version of the NDS software used in this study did not calculate mean servings of vegetables and fruits or complex carbohydrates. We wrote a program using Statistical Analysis System (SAS) software that calculated servings of food groups from dietary data generated by the NDS 17 . We assigned each food from the children's 24-hour recalls to one of 10 main food groups, including vegetables, fruits and complex carbohydrates. We also converted the gram amounts of each food, provided by the NDS, to servings (e.g. 26 g = 1 slice of bread = 1 serving) and quanti®ed the number of servings from each food group for each child. The NDS software provided gram amounts of component foods of mixed dishes (e.g. apples in apple pie), allowing us to include those foods in our calculation of servings of their respective food groups (e.g. fruits).
For each component of the DQI, children received a score of 0 if their intake met the respective diet and health recommendation, a score of 1 if their intake was fair compared with the recommendation, or a score of 2 if their intake was poor compared with the recommendation. The de®nitions of the score categories for each recommendation were based on the original DQI 5 , with the exception of calcium where we used the 1998 Dietary Reference Intake (DRI) 18 in place of the 1989 Recommended Dietary Allowance (RDA) 19 . After summing across all eight recommendations, children's DQI scores ranged from 0 to 16 with lower scores showing diets more in accordance with the recommendations.
Statistical analyses
Baseline and change (adjusted for baseline) in DQI scores were compared among the four study groups using general linear model analysis of variance with the at-risk control children as the reference group. Within each study group, percentages of children who scored a 0, 1 or 2 were determined for each of the eight diet and health recommendations at baseline and follow-up. Percentages of children within each study group who met each dietary recommendation at both time periods or at 3 months only (i.e. those who maintained or improved their diets from baseline) were compared with children who did not meet the recommendations at 3 months (i.e. those whose diets worsened or failed to improve from baseline) by chi-square analysis. We also conducted logistic regression analyses to determine whether children within each study group were more likely to meet each dietary recommendation at 3 months relative to baseline. The at-risk control children served as the comparison group. These analyses were repeated by combining all children who received nutrition education (PCAT and counselling) and comparing them with all control children (at-risk and not-at-risk). Odds ratios generated from the logistic regressions were adjusted for baseline intakes of the respective nutrient or food.
Pearson correlation coef®cients were calculated between the children's change in DQI and their change in its components, energy and other nutrients important to children's health 20 . Pearson correlation coef®cients were also calculated between the children's change in DQI and their change in average plasma lipids, and between the children's change in DQI and their change in average weight, height and body mass index (BMI). All analyses used PC-SAS version 6.12 21 .
Results
Baseline DQI scores did not differ among the four study groups of children (Table 1) . At 3 months, children who received nutrition education signi®cantly reduced their average DQI scores in the direction of a more healthy diet compared with at-risk control children. Improvement in overall diet quality was most notable among children who received the 10-week PCAT programme.
At baseline, approximately half of all children met the guidelines for total fat and one-third of all children met the guidelines for saturated fat, with signi®cantly higher percentages of children who received nutrition education meeting those recommendations at 3 months relative to control children ( Table 2) . Regardless of study group, most children met the dietary cholesterol recommendation at baseline and maintained this after intervention. In all study groups, the percentages of children who met the recommendations for vegetables and fruits and for calcium intake changed very little at 3 months relative to baseline. Although some children who received nutrition education did increase their servings of grains, less than half met the recommendation of six or more servings at 3 months. In contrast, more than half of the children who received nutrition education met the recommendations for protein and sodium after intervention.
Compared with the at-risk control children or both groups of control children, children who received nutrition education were signi®cantly more likely to meet the dietary recommendations for total fat, saturated fat and sodium at 3 months (Table 3) . Although not statistically signi®cant, children who received nutrition education were less likely to meet the recommendations for vegetables and fruits, complex carbohydrates and calcium than control children.
Among all 303 children, change in DQI was signi®cantly correlated with change in all components of the index (r . 0.44 for fats, r = -0.38 for vegetables and fruits, r = -0.15 for complex carbohydrates, r = 0.22 for protein, r = 0.25 for sodium), except calcium (r , 0.08). Change in DQI was also signi®cantly correlated with change in energy (r = 0.12), dietary ®bre (r = -0.14), vitamin C (r = -0.19), iron (r = -0.11) and zinc (r = 0.13). Change in DQI did not correlate with change in vitamins A, B 6 , B 12 , D and E, folate or magnesium (r , 0.11). Among the 198 hypercholesterolaemic children whose plasma lipids were measured in this study, change in DQI did not correlate with change in total, LDL or HDL cholesterol or plasma triglycerides (r , 0.11). Change in DQI also did not correlate with change in weight, height or BMI (r , 0.1).
Discussion
In our study, children who received nutrition education improved their overall diet quality compared with control children. Among the eight components of the DQI, children who received nutrition education were more likely to meet the dietary fat recommendations at 3 months compared with control children. This was not surprising as our nutrition education programmes were based on the NCEP step 1 diet guidelines that emphasize reducing dietary fat 14 . Children who received nutrition education were also more likely to meet the sodium recommendation compared with control children. This also was not surprising because many higher fat foods (e.g. meat, full-fat dairy products) are higher in sodium. What was surprising, however, was that children who received nutrition education were less likely to meet the recommendations for vegetables and fruits, complex carbohydrates and calcium compared with control children. We believe this occurred because our nutrition DRI, dietary reference intake; PCAT, parent±child autotutorial programme; RDA, recommended daily allowance; svgs, servings. * Score categories: 0 = excellent diet; 1 = fair diet; 2 = poor diet. ² P , 0.05 for chi-square analysis comparing the percentages of children who met each recommendation (i.e. score = 0) at 3 months with those who did not meet the recommendation (i.e. score = 1 or 2) at 3 months across the four study groups. * Odds ratios were adjusted for baseline intakes of the respective nutrient or food. Odds ratios for cholesterol are missing due to very small counts in cells. ² Each group was compared with the at-risk control children. ³ Children who received nutrition education (PCAT and counselling) were compared with control (at-risk and not-at-risk) children.
education programmes encouraged lower fat choices in these types of foods but did not emphasize increasing their overall intake. The Child and Adolescent Trial for Cardiovascular Health, a school-based nutrition education intervention that emphasized lower fat foods, also reported that children did not increase their intake of vegetables and fruits 22 . Our ®ndings support their conclusions that`general messages are not likely to change speci®c non-targeted behaviors'.
In a previous analysis of the Children's Health Project 12 , children who received nutrition education signi®cantly lowered their total and saturated fat intake and their plasma LDL cholesterol compared with the at-risk control children. However, in this study, children's change in DQI was not associated with change in plasma lipids. This was not surprising because the DQI includes components other than dietary fat that are not associated with plasma lipids. Children's change in DQI was also not associated with change in weight, height or BMI. This was not unexpected either because change in DQI was weakly correlated with change in energy intake. Although previous studies have reported associations of multidimensional indexes with risk factors of disease, unlike the DQI, those indexes were entirely food-based and the outcome variables were different than those measured in our study 4 . In addition, the time periods were longer than 3 months and the study populations were adults.
The small amount of change in DQI may also have prevented us from ®nding a statistically signi®cant association with change in a biological parameter. Such a small change in DQI may have been partially due to our methods. For example, we grouped foods according to the NCEP guidelines and placed potatoes in the grain group. According to national data 23 , French fries accounted for approximately 25% of vegetable intake reported by children, which may explain why so few children met the recommended ®ve servings of vegetables and fruits before or after intervention. It is possible that children who received nutrition education were more likely to replace French fries with other vegetables, but the DQI is not designed to capture this change. We also used the DRI 18 to calculate score categories of calcium intake. The DRI is higher than the 1989 RDA 19 used in the original DQI 5 , making it more dif®cult for children to achieve that recommendation. Furthermore, our estimates of sodium intake did not include salt added at the table, which has been shown to contribute an additional 6% of sodium 24 . This may explain why approximately half of the children met the sodium recommendation before and after intervention.
Our ®ndings, and those of others 6, 7 , suggest that multidimensional indexes like the DQI are best used to identify dietary behaviours that need improvement. However, an index is only as good as the components included and, as mentioned previously, is sensitive to the methodology used to categorize those components. In children, other nutrients like iron are especially important and should be considered in the scoring of diet quality 20 . As in adults 25 , measures of dietary diversity and moderation may also be important contributors to diet quality in children. One important practical consideration, however, for calculating these indexes is whether the instrument used to assess dietary intake (e.g. 24-hour recalls, food frequency questionnaires) is linked to software that can calculate nutrient intakes, servings of food groups and measures like dietary diversity and moderation.
It is important to mention that our study subjects were predominantly white children from middle to upper income households in the northeast USA, which may limit our ability to generalize our ®ndings to all children. Also, although we made a substantial effort to collect accurate dietary data 26 , any measure of diet has inherent limitations of accuracy due to reporting bias or measurement error. However, our ®ndings were determined from multiple days of dietary data and were comparable to national data 7, 27, 28 .
Conclusions
Nutrition education that focuses on speci®c nutrients (e.g. dietary fat) may result in overlooking other important aspects of children's diets. To improve the overall impact of nutrition education, the goals of an intervention should include a broader range of dietary recommendations appropriate for children. The nutrition education programme should also link food-related behaviours where possible (e.g. lowering dietary fat by replacing higher fat foods with vegetables and fruits, and increasing dietary calcium by eating calcium-rich foods that are low in saturated fat).
